Abstract. Anna Z. 2017. Indonesian shrimp resource accounting for sustainable stock management. . Shrimp fisheries is a resource of important economic value, and is one of the high-demand commodities. Although regarded as a resource that has the ability to grow relatively quick and allows for a year-round production, these resources could experience declining production, or even extinction, if not managed properly. Planning the management of shrimp fishery stock requires basic information on the stock dynamics, both in terms of its natural production and utilization, through resource accounting, mandated by the Agenda 21 of United Nation Conference on Environment and Development (UNCED), formulated in the System of Integrated Environmental and Economic Accounting (SEEA). This study measures the accounting of the shrimp resources, both physical and monetary. In addition, the study also aims to measure the shrimp resource that can be utilized (fishable biomass), from the balance of resources. The approach used in this study is a standard bioeconomic model, with Fox model to estimate biological parameters, and methods of System of National Accounts of FAO (2004), named recursive model, adapted to the existing data. The results of the analysis, includes the calculation of standing stocks (physical asset account), fishable biomass, depletion, as well as monetary accounts. Result shows that the overall condition of the stock still in surplus, where the standing stocks from 1988 to 2014, are in the range of 200,000 to 900,000 tons yearly, with the monetary value between IDR 500 billion to 2 trillion. The intrinsic growth of shrimp tend to be positive in average, with values in the range of -258,000 tons to 263,890 tons. The trend estimation for the next five years (2015)(2016)(2017)(2018)(2019)(2020), showed a decrease in the stock, and the stock closed as many as 350,000 tons in 2020. This paper also suggests the policy recommendations for the development and management of shrimp resources, in Indonesia.
INTRODUCTION
Fisheries resources in general and shrimp resources in particular are among the natural resources biodiversity found in Indonesia, capable of contributing to state income and improving the welfare of its citizen. Indeed, sustainable management of the biodiversity is an inevitable requisite in attaining such aims. Management of renewable fisheries resources is in essence a given, since the resource's limited growth and carrying capacity. Thus, managing the extraction of the resource with the afore mentioned considerations, is key and provides positive feedback in sustainable utilization and the stock biodiversity of shrimp. The biodiversity of shrimp in Indonesia consist of some species, such as: Metapenaeus affinis, Metapenaeus brevicornis, Metapenaeus ensis, Metapenaeus barbata, Penaeus monodon, Parapenaeopsis hardwickii, Parapenaeopsis sculptilis, and many more (Marine and Fisheries Statistic Data System 2014).
Fisheries resources management, which is economically and environmentally sustainable is a necessity. It is imperative to establish the link between the flow of fish stock and economic aspects of capture fisheries. The link may be established by means of economic accounts of fisheries resources. National resource accounting, a measure of both aggregate and sectoral sustainable development processes, provides an overview and direction on how the degree of extraction of fisheries resources relates with the financial flow it provides (monetary account) in the past, present, and future (Theys 1989; Neumayer 2000; Hediger 2004) , notes that natural resource accounting (also known as patrimony account), alongside national accounts and satellite accounts can be used to define alternative scenarios of sustainable development under various evaluation criteria.
The conventional nature of national accounting system does not take into consideration volume changes of various natural resources, e.g. stock of capture fisheries (Danielsson 2001) . Natural resources make important contributions to long-term economic performance and should be considered economic assets (Sukhdev 2010) . Considering the thesis of a large literature, that net national product (which is a flow) is that index in closed economies, is shown in some interpretations to be simply false and in others to suffer from deep estimation problems (Dasgupta 2009 ). Natural resource accounting, such as on fisheries, generates new nuances in the calculation of regional and national economic performance. In general, both performances only account for production, production value, or Gross Domestic Product (GDP) or Gross Regional Domestic Product (GRDP), without counting for resource extraction (WCED 1987) . Fisheries resource accounting can provide a detailed picture of upstream to downstream resource flow . It should be noted that the capture fisheries sector, only contributed 0.5% to 2.5% to the GDP globally (Béné et al. 2007 ). This small share, is caused by not incorporating fisheries accounting, to GDP calculations. Current accounting practice, groups fisheries with agriculture, which considerably reduces detailed accounts on fisheries, in addition to usage of rough estimates. The initiative to conduct fisheries resources accounting should be practiced by the government, mandated by the Law No. 32 Year 2009 on Environment Protection and Management, stipulates for the formation of a unified national natural resources account.
In addition, sustainable development, as suggested by the Brundtland Commission (WCED 1987) , is a buzzword whose operations may be carried out through the System of National Account (SNA). The system, a calculation of sectoral aggregates, introduces the term fisheries resources accounting. The accounting practice is of importance in sustainable development due to its ability to provide primary economic information on the fisheries sector, especially to understand the stock dynamic of which may be used for analysis and decision making.
The accounting practice also provides the capability to calculate the stock available in the waters as well as depletion of fisheries resources, which at some point can threat the stock biodiversity. Fauzi and Anna (2004) noted that the current decision-making process is yet to consider resource depletion in fisheries policy making. Current fisheries development paradigm predominantly focuses on growth oriented policy, wherein GDP is the primary indicator of its development. The use of GDP to accurately and comprehensively measure the economic performance of natural resources, however, is to a certain extent misleading, as it does not factor resource stock dynamic and its depreciation (Hartwick 1990; Hung 1993; Maler 1991; Repetto 2002; Van den Bergh 2009) . It thus goes without saying that incorporating resource stock dynamic and its depreciation reduces the probability of producing misled policies.
Detailed and publicly accessible fisheries resource accounting have been widely-practiced in countries where fisheries contributes significantly to the GDP, e.g. in Canada, United States, Japan, Iceland, Maldives, and Namibia. Several countries where there is little fisheries contribution to their GDP, such as Brazil, Chile, South Korea, Philippines, New Zealand and South Africa have also began the practice (Harkness and Bain 2007; Watson and Morato 2013; Laugen et al. 2014) .
By accommodating such practice, the Indonesian capture fisheries sector can play an active role in global fisheries in at least two important aspects. First, maintaining the sustainability of capture fisheries through efficient, economic, and cost-effective benefit and stock management. Second, identical standing in global fisheries so as to simplify decision-making in national and international fisheries development.
Fisheries resource accounting illustrates the dynamics of stock changes on both supply and utilization sides, the latter of may be due to natural or human economic activities. Stock changes as shown in the account, are significantly different to that of the dynamic stock usually done in stock assessment, that more reliance on biological factors while neglecting economic dynamics. By using fisheries resource accounting, changes in both aspects may be systematically ascertained and primarily consulted in formulating the Fishery Management Plan as stipulated by Law No. 45 Year 2009 on Fisheries. As some experts said that Indonesian fish has already experienced stock decline due to overfishing and over capacity (Squires et al. 2002; Anna 2003; Fauzi and Anna 2012) , this study aims to calculate shrimp resources accounting or stock accounting in Indonesia, to understand the dynamic of Shrimp resource as a basis for future planning in maintaining the stock biodiversity for sustainable shrimp management.
MATERIALS AND METHODS
The study area is Indonesian's ocean as a whole, and the study was conducted in 2012 and 2015. The shrimp refers to all species shrimp caught in Indonesian ocean. Technically, data analysis procedures, i.e.firstly, filtering; secondly, standardization; and thirdly, calibration of secondary data, is used to calculate shrimp resource accounting. The data analysis using time series secondary data from the year of 1988 to (MMAF 1988 , from the source of Indonesian Fisheries Statistic. Data derived from the production of shrimp fishing gear, namely trawl, seine net and trammel net. Shrimp production is the total national production, with most production coming from eastern Indonesia (Arafura Sea), and Java's northern waters. The analysis is needed to provide input to physical and monetary calculations, in addition to bio-economic calculations in subsequent stages. Furthermore, surveys to analyse primary data are carried out so as to establish cost structures and business profiles, both part of monetary account calculations. Surveys are done on fishing businesses requiring national permits (above 30 GT) and regional permits (below 30 GT). The survey is meant to provide comprehensive changes in fish stock. Fishing businesses are surveyed using purposive sampling, with a minimum population of 10% of the analysed fishing equipment.
At the fourth stage, bio-economic analysis is conducted to obtain the benchmark stock values and natural changes of the analysed fish stock. The approach uses at least 10 years of series data.The bio-economic approach is conducted by incorporating standard bio-economic models (Fauzi 2010; Anna and Fauzi 2014) , into econometric analysis approaches. This is used to calculate changes in fish stock balance. The econometric approach uses various modelling methods to find the best fitting model. Bioeconomic approach is also used to calculate unit rent. This is done by calculating commonly used rent calculations in balance accounting, i.e. measuring actual economic surplus and sustainable rent at incurred cost. The unit rent then becomes the basis to calculate the monetary account.
The fifth stage of the analysis is calculating the physical and monetary accounts based on parameters calculated in stages 1 to 3. Physical accounts are calculated using Microsoft Excel. The calculated physical accounts are then calibrated with actual data to obtain reliable figures. In addition, comparison to actual production is also used to understand whether there is actual surplus or deficit of the studied resource. Monetary accounts are analysed by combining physical accounts and unit rent, thus producing time to time economic flows. The monetary flow also provides a sketch of the value of fisheries assets. The monetary accounts are also calibrated with actual production values to measure economic surpluses or deficits of fish stocks studied. The technical approach outlined above is illustrated in Figure 1 .
Econometric data analysis is used to define biophysical parameters, such as fish growth, carrying capacity, and fishing capacity coefficient. Econometric analysis is conducted using ordinary least square (OLS) and generalized least square (GLS). The latter is used if OLS does not satisfy the goodness of fit criteria. A general equation to define biophysical parameters is:
Where y is productivity indicator x 1 , x 2 is input parameter (effort), and e is error term. More specifically, the general model is defined using the Clarke, Yoshimoto, and Pooley (CYP), (Clarke et al 1992) formula, where the biophysical parameter is estimated as follows:
Where y is catch per unit effort, x 1 is average of the catch per unit effort (CPUE), and x 2 is average effort. Parameters α and β are coefficients denoting the biophysical growth value, environmental carrying capacity, and catch effort coefficient.
Next, the estimated value of the parameter above is used to determine the initial standing stock using bioeconomic approach, as follows: 
The equation above is solved using Lagrangian function to derive the Maximum Principle, as follows:
The result of the equation above is the standing stock, i.e. initial stock amount for balance calculations, as follows:
After the value of the initial stock is determined, the next step is to conduct a tabulated balance calculation (Table 1) To calculate monetary accounts, economic rent must be first calculated using the following equation (Fauzi 2010 Having established the value of unit rent, the value of depletion can thus be calculated using the method proposed by Repetto (2002) , as follows:
Where: RR=Resources Rent D t = Depletion at t
RESULTS AND DISCUSSION

Result
The calculation fisheries resource accounting, as described above consists of physical and monetary accounts. The analysed Indonesian fisheries data is an aggregate of the Indonesian Fisheries Management Area (WPP-RI), based on capture fisheries statistics, and crosschecked data from surveyed sites. The economic data on price and cost are data series obtained from aggregating the average Indonesian price of fish and cost of fishing per trip. The data is assumed to be constant and adjusted to the Indonesian Consumer Price Index using time series analysis.
Analysis of fisheries resource accounting employs recursive model. A number of analysis models to estimate parameter values, such as CYP, Fox, Walter Hilborn, and Schnute (Fox 1970; Schnute 1987; Clarke et al. 1992; Hilborn and Walter 1992) , are used to obtain robust estimates and sound statistical performance. Fox's estimation model is found to be the best-fitting biological parameter estimate while economic parameters are obtained from survey results and processed using the geo mean technique with CPI adjustments.
In both physical and monetary accounts, recursive analysis is used incorporating the following variables: (i) Initial stock: the fishable biomass available. (ii) Production: total catch of certain fish in certain years. (iii) Growth: total number of naturally maturing fish from reproduction or natural production surpluses. (iv) Depletion: production changes, i.e. the difference between sustainable yield production and actual catch. The compound growth rate (CGR), linear, and quadratic models are used to project the forward accounts in the next five years (five years from the latest 2014 data). The suitable model used is that which has the lowest mean square error (MSE). Each model is first processed using time series regression and actual production. Regression analysis is used to allow trend analysis and forecasting of the data. The recursive model considersinitial stock, production, growth, and end stock variables.
Shrimp fishing production in Indonesia fluctuates between 150,000 tons to 230,000 thousand tons chane throughout year, as shown in Figure 1 . The highest production took place in 2002 at 263,000 tons. The total effort over year is shown in Figure 2 . Figure 2 shows that trip efforts for Shrimp Fisheries from 1988 to 2014, fluctuate between 1.1 million to 5.6 million trips throughout the year. The trips data is from Indonesian fisheries statistic, reprocessed. Table 4 shows the recursive modelling of the physical shrimp resource account. Initial stock in 1988 was 258 thousand tons. Shrimp production increased year over year while growth fluctuated, culminating in negative growth from 1998 to 2000. The negative values were caused by other significant factors, such as bad water quality. Shrimp stock in late 2014 is estimated to be 244 thousand tons. Table 5 shows the trend analysis of shrimp resources. Forecast using non-linear quadratic model with the lowest mean absolute percentage error (MAPE=6 as in figure 4 trend analysis plot for production), predicts increased future production. As shown in the table 5, the initial stock in 2015 was 244 thousand tons and end stock in 2020 would be 351 thousand tons. Production is predicted to fluctuate with a tendency to drop by 2020. By 2020, production is predicted to be approximately 213 thousand tons. Growth, on the other hand, shows significant increases; initial growth in 2015 was approximately 233 thousand tons and closes at 256 thousand tons. Shrimp growth value tend to fluctuate, culminating in negative growth in 1998, 1999, and 2000. The negative values were caused by the relatively high standing stock value and over stretching of its carrying capacity. Nonetheless, positive growth continued in subsequent years with a monetary value between IDR 142 billion to 699 billion. Table 7 shows future trends in the monetary account of shrimp in Indonesia. The monetary value of the Indonesian shrimp stock increases steadily in the next five years, from IDR 648 billion in 2015 to 929 billion in the end of 2020. Predicted growth fluctuatessteadily, with a value of IDR 617 billion to 618 billion per year.
Discussion
Based on the findings presented above, this study arrives at the following shrimp condition, that as a whole, the Indonesian shrimp stock is in surplus. Nonetheless, annual trend of shrimp stock fluctuates. Recursive modelling shows that the standing shrimp stock is between 200 thousand to 900 thousand tons with a monetary between 500 billion to 2 trillion Rupiah. On average, the natural growth of shrimp is positive with a range between -258,000 tons and 263,890 tons. In general, both the depletion and IUU variables in the recursive model affected other changes. Standing stock estimation is derived from fisheries bio-economics dynamics from time series data input and output, both of which do not account for such variables. Future trend estimations of physical Indonesian shrimp resources shows stock increase. By 2020, the stock is estimated to be 567 thousand tones, while production is predicted to fluctuate with a tendency to drop by 2017, this is actually confirm to the study of Anna and Fauzi (2013) , found that the stock of shrimp in the waters nothern Java, which experiencing a decline trend, up to the year of 2017.
The initial value of the shrimp stock monetary account in 1988 was 687 billion and closed at 1 trillion in 2010. Monetary analysis for the next five years (2015) (2016) (2017) (2018) (2019) (2020) shows positive growth, from IDR 226 billion in 2015 to 565 trillion in 2020. It means that shrimp actually share a big value to the Indonesian economic, and if it is maintain properly, the value could be bigger along the time.
Findings in analysis of the Indonesian shrimp resource account may be consulted as a basis to plan sustainable shrimp fishing management based on its stock portfolio. While stock accounts show a surplus of standing stock, the situation might not necessarily last. Management to maintain a stock surplus must be carried out by means of fishing permit restrictions, adjusted to current standing stock under a binding management agreement regime. Given points on findings above, and given that stock portfolio would be affected by fishing permits, measures on permit units by gross tonnage or composite measurements must be fundamentally changed and agreed by the relevant parties.
The current surplus in shrimp stock opens investment opportunities for domestic investors. Such opportunities have to be strictly regulated by calculating the best input with the most possible effort given stock conditions. Effort must consider the number of fishing vessels, equipment, and capacity. Consequently, this study's findings of fisheries resource account ought to be linked to findings on capacity utilization so as to obtain the maximum allowable number of fishing vessels extracting Indonesian fisheries resources. The capacity utilization has been mandated as an indicator for sustainable fisheries globally (Ceyhan and Gene 2014; Fathelrahman et al. 2014; Ericson and Clarks 2015; Walden et al. 2015; Gigentika et al. 2016) .
The account is an aggregate of Indonesian accounts, with differences in each WPP, from standing stock to fishing capacity utilization. In this case, there are zones still open for further development, based on their high standing stocks and low capacities. Conversely, there are also zones with low or negative standing stocks but high capacities. Such differences require different policies. To that end, more specific and continuous studies which expire every five years are required on fisheries resource accounting and capacity utilization on per WPP or provincial waters. Both fisheries resources accounting, and capacity utilization studies, are complementary pairs and could provide clear policy directives to establish permit allocations and policy on rationalization if needed. Rationalization policy is use to be implemented in such over capacity condition (Aranda et al. 2012; Carothers and Chambers 2012; Grimm et al. 2012; Waldo and Paulrud 2013; Pinkerton et al. 2014) .
Future national account aggregate calculations must consider imported and exported shrimp flows. Relevant import and export data highly support an open economy balance model. The data would also provide information on deficits and surpluses in relation to shrimp trade and overseas shrimp consumption.
From the study can be drawn some conclussions as follows: (i) Assessment of Indonesian Shrimp resource accounting have provided a detail picture of aggregate stock and flows condition of Shrimp in Indonesia. (ii) From the study can be drawn that the stock is still in a surplus condition. (iii) The stock and flows that can be quantitatively drawn from Indonesia's Shrimp resources accounting, is the beginning of standing stock and its revisions throughout the current year, including production, growth, depletion, externalities due to Illegal, Unreported and Unregulated Fishing (IUU), and also changes others, as well as the standing stock at the end of the year. 
